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(57) Abstract: An SPR sensor comprising: a thin conducting layer comprising at least one conductive element formed on a surface 
of a transparent substrate; an illumination system controllable to illuminate an interface between the conducting layer and the sub- 
strate; a photosensitive surface that generates signals responsive to light from the light source that is reflected from a region of the 
interface; a flow cell formed with at least one flow channel having a lumen defined by a wall at least a portion of which is formed 
from an elastic material and a portion of which is formed by a region of the conducting layer; and at least one hollow needle having 
an exit orifice communicating with the needle's lumen and wherein fluid flow is enabled between the flow channel and the needle's 
lumen by puncturing the elastic material with the at least one needle so that the exit orifice communicates with the flow channel 
lumen. 
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SURFACE PLAS MON. RESONANCE SENSOR 
FIELD OF THE INVENTION 

The invention relates to surface plasmon resonance (SPR) sensors and in particular to 
methods and apparatus for forming a probe layer on an SPR sensor surface, muniinating an 
SPR sensor surface and controlling liquid flow in an SPR sensor. 

BACKGROUND OF THE INVENTION 

SPR sensors generate optical signals responsive to the dielectric constant and/or 
thickness, hereinafter referred to collectively as "optical properties", of regions of a layer, 
hereinafter referred to as a "probe layer", of material contiguous with a thin layer of 
conducting material. The thin conductive layer, hereinafter an "SPR conductor", typically has 
a thickness less than about lOOnm and is generally formed from a metal, usually silver or 
gold, on a surface of a transparent substrate such as glass. The surface on which the SPR 
conductor is formed is hereinafter referred to as a "sensor surface". 

Optionally, such as in a Kretschmann configuration of an SPR sensor, the sensor 
surface is a first surface of a prism having a triangular cross section. Light from a suitable 
light source is directed into the prism through a second surface of the prism so that the light is 
incident at a non-zero angle of incidence on the SPR conductor from inside the prism. The 
light is linearly polarized so that it has a "p" component of polarization. The SPR conductor is 
sufficiently thin so that for angles greater than the critical angle of the light at the interface 
between the prism and the SPR conductor, the evanescent field of the light extends 
substantially into the probe layer. Light from the incident light is reflected from interface 
between the sensor surface and the SPR conductor, exits the prism through a third surface of 
the prism and is detected by a suitable photosurface, such as for example a CCD. 

For a given wavelength of the incident light, there exists a particular angle, hereinafter 
a "resonance angle", greater than the critical angle, for which the evanescent field of the p 
polarization component of the fight resonates with a propagation mode of charge density 
waves of electrons in the SPR conductor. The charge density waves tend to propagate along 
the surfaces of the SPR conductor and are conventionally referred to as "surface plasmons". 
At the resonance angle and angles within an "angular resonance width", in a neighborhood of 
the resonance angle, energy is coupled from the evanescent field into surface plasmons. 

As a result of energy absorbed from the evanescent field by the surface plasmons, for 
the given wavelength, reflectance of the light as a function of incident angle decreases 
substantially for angles within the angular width of the plasmon resonance and exhibits a local 
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minimum at the resonance angle. In addition, phase of reflected light as a function of angle 
undergoes relatively rapid change for angles within the angular width of the plasmon 
resonance. 

Similarly, for a given incident angle of the incident light, there exists a particular 
5 resonance wavelength at which the incident light resonates with a surface plasmon in the SPR 
conductive layer. Reflectance of the light as a function of wavelength decreases substantially 
for wavelengths within a "wavelength resonance width" of the surface plasmon and exhibits a 
local min i m um at the resonance wavelength for the given angle of incidence. Phase of 
reflected light as a function of wavelength undergoes relatively rapid change for wavelengths 
10 within the wavelength resonance width. 

The SPR resonance angle, resonance wavelength, reflectance and phase changes that 
characterize a surface plasmon resonance are hereinafter referred to as "SPR parameters". The 
SPR parameters are functions of the optical propertiess of the substrate (e.g. the prism glass), 
the SPR conductor and, because the evanescent field extends into the probe layer, of the probe 
15 layer. 

In typical operation of an SPR sensor, generally either the wavelength of light incident 
on the sensor surface is maintained constant and the incident angle of the light varied or the 
incident angle is maintained constant and the wavelength varied. Signals generated by the 
photosurface responsive to the light reflected to the photosurface from a region of the sensor 

20 surface under either of these conditions are used to determine a value of at least one SPR 
parameter for the region. The at least one SPR parameter is used to determine a characteristic 
of a material, hereinafter a "target material", that affects the index of refraction of the probe 
layer by interacting with the probe layer. The target material is generally a liquid or a gas, i.e. 
a target liquid or target gas, that is transported along a surface of the probe layer by a suitable 

25 "flow cell". 

For example, in some applications an SPR parameter is used to identify and assay 
analytes in a target liquid or gas that flows over the sensor surface of an SPR sensor and 
interact with components of the probe layer to change at least one the probe layer's optical 
properties. In some applications an SPR parameter is used to determine a characteristic of an 
30 interaction, such as for example an interaction rate, between material in a probe layer and a 
target material that affects the an optical property of the probe layer. The rate of interaction 
determines a rate at which the optical property of the probe layer changes and thereby a rate of 
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change of an SPR parameter determined by the SPR sensor. The determined rate of change of 
the SPR parameter is used to determine the rate of interaction. 

SPR sensors and methods are generally very sensitive to changes in an optical 
property of a probe layer and have proven to be useful in detecting changes in an optical 
5 property of a probe layer generated by relatively small stimuli. An SPR probe layer may also 
be configured as a multianalyte "microarray" that presents on each of a relatively large 
plurality of different relatively small regions, "microspots", of a sensor surface a different 
probe material for interaction with a target material. Thus, for example an SPR probe layer 
can be configured for assaying a relatively large plurality of different analytes or for 
10 characterizing a relatively large plurality of interactions. As a result, SPR sensors and methods 
are finding increasing use in biochemical applications and SPR sensors and methods are used 
to identify and assay biomolecules and characterize reactions between biomolecules. 

An article by Charles E. H. Berger et al. entitled "Surface Plasmon Resonance 
Multisensing", Anal. Chem. Vol. 70, February 1998, pp 703-706, the disclosure of which is 
15 incorporated herein by reference, describes an SPR sensor and method that are used to 
characterize binding of antigens to antibodies. The SPR sensor has a gold SPR conductor 
formed on a surface, i.e. a sensor surface, of a glass plate, which is optically coupled to a 
prism. A flow cell comprising four parallel linear "microchannels" (generally, flow channels 
having at least one dimension about equal to or smaller than a millimeter), each 1 mm wide, 
10 mm long and about 0.1 mm deep, is positioned over the SPR conductor. A different 
antibody is pumped through each microchannel and adsorbed on the gold conductor to form a 
probe layer. The resulting multi-analyte probe layer comprises a linear array of four different 
antibodies, each immobilized in a different "antibody" strip on the SPR conductor. 

The flow cell is then repositioned so that the microchannels are perpendicular to the 
25 antibody strips. A different antigen is pumped through each of the microchannels. Each of the 
antigens thus comes into contact with each of the four antibodies adsorbed onto the gold 
conductor. To an extent that the antigen binds with a particular one of the antibodies, it 
changes an optical property of a region of the antibody strip on which the particular antibody 
that contacts the antigen is located. Rates at which each antigen of the four antigens binds to 
30 each of the four antibodies are determined from measurements of changes in reflectance for 
light incident on the sensor surface at an angle near to an SPR resonance angle. The article 
notes that whereas the probe layer was formed by flowing antibodies through microchannels, 
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other methods for forming the probe layer, .such as by depositing small quantities of antigen in 
specific locations using an ink jet nozzle, may be used. 

PCT publication WO 02/055993, the disclosure of which is incorporated herein by 
reference, notes that "electrostatic fields can be used for controlling the extent of 
5 immobilization or attachment of biomolecules, such as thiol-derivitized oligonucleotides", to 
a surface. The book "Microarray Analysis", by Mark Schena, John Wiley and Sons, Inc. 2003, 
the disclosure of which is incorporated herein by reference, describes various methods for 
depositing or creating small quantities of desired ligands in microspots on a surface to 
manufacture microarrays. Among the methods described, for example in chapter seven of the 

1 0 book, are contact and non-contact printing methods and photolithographic methods. 

US Patent 5,313,264, the disclosure of which is incorporated herein by reference, 
describes an SPR sensor having a "liquid handling block" comprising a network of 
microconduits and valves. The network of microconduits and valves is used for moving 
suitable liquids containing probe material across an SPR conductor formed on a sensor surface 

15 so as to generate a probe layer on the SPR conductor and subsequently for moving a target 
liquid over the probe layer. 

The SPR sensor also comprises a substantially monochromatic tight source and an 
optical system for generating a wedge-shaped converging beam from light provided by the 
light source and directing the wedge-beam onto the sensor surface. The wedge-beam 

20 illuminates the probe layer along a spatially fixed, relatively narrow strip-shaped region of the 
sensor surface with light that is simultaneously incident on the region in a range of incident 
angles. The range of incident angles is determined by an angle of convergence of the wedge- 
beam. Light reflected from the sensor surface is imaged on a "two dimensional photodetector 
device". Signals provided by the photodetector device are processed to provide a measurement 

25 of a change in the refractive index of the probe layer due to interaction of material in the probe 
layer with material in a target solution that is transported along the probe layer by the liquid 
handling block. 

Many conventional SPR methods and apparatus for forming probe layers, flowing 
liquids over probe layer surfaces and optically scanning sensor surfaces are relatively 
30 complicated, expensive and/or time consuming. Alternative SPR sensors and methods for 
generating multi-analyte probe layers, pumping liquids over probe layers and muminating 
sensor surfaces are needed. 
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SUMMARY OF THE INVENTION 

An aspect of some embodiments of the present invention relates to providing a new 
SPR sensor for simultaneously determining a characteristic of each of a plurality of different 
interactions between probe and target materials and/or identifying a plurality of different 
components in target materials. 

An aspect of some embodiments of the present invention relates to providing methods 
and apparatus for producing a microarray probe layer in an SPR sensor. 

In accordance with some embodiments of the present invention, an SPR conductor in 
the SPR sensor comprises a plurality of conducting elements formed on a sensor surface of a 
suitable substrate. Optionally, the conducting elements comprise a plurality of parallel 
conducting strips. A flow apparatus in the SPR sensor comprises a flow cell having a plurality 
of optionally parallel flow microchannels formed on a surface of the flow cell. The flow cell is 
positioned on the sensor surface so that each microchannel crosses over each of the 
conducting strips and liquid flowing in each of the flow channels contacts each of the strips. 
Optionally, the flow channels are perpendicular to the strip conductors. A region of a strip 
conductor over which a flow channel crosses is referred to as a "crossover region". 

Each of the conducting strips, hereinafter "strip electrodes", is connected to a power 
supply so that each strip electrode may be electrified relative to a suitable reference electrode 
independent of electrification of the other of the plurality of electrodes. When a strip electrode 
is electrified it generates an electric field in the microchannels. Depending upon the direction 
of the electric field and charge or charge distribution carried by ligands in liquids flowing 
through the microchannels, the ligands may be attracted to or repelled from the electrode. 

To immobilize a desired ligand on a particular crossover region of a given electrode, a 
liquid containing the desired ligand is pumped through the microchannel that crosses over the 
particular crossover region. The given strip electrode is electrified to attract the desired ligand 
to the electrode so that the ligand settles on and bonds to the electrode at the crossover region. 
If it is desired to prevent the ligand from accumulating at crossover regions of the other strip 
electrodes that the flow channel crosses over, the other electrodes are electrified so as to repel 
the ligand. By flowing appropriate ligands through appropriate flow channels and electrifying 
strip electrodes appropriately, a microarray of substantially any pattern of immobilized 
ligands can be produced. 

In accordance with an embodiment of the present invention subsequent to creating the 
microarray, a suitable buffer solution is flushed through the microchannel to wash away non- 
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immobilized ligands and target solutions that are to be examined by the SPR sensor are 
pumped through the microchannels. Unlike in prior art such as described in the article by 
Charles E. H. Berger et al. entitled "Surface Plasmon Resonance Multisensing" noted above, 
to examine target solutions with the microarray the flow cell does not have to be reoriented 
5 relative to the microarray after its production. 

In some embodiments of the present invention, the conducting elements comprised in 
the SPR conductor are relatively small conducting "pixel electrodes". Each flow channel 
crosses over at least one pixel electrode and each pixel electrode is located under a single flow 
channel. Each pixel electrode is connected to a power supply using methods known in the art 
10 so that the power supply can electrify the pixel independently of electrification of the other 
pixel electrodes. Ligands having a suitable charge or a charge distribution comprised in 
liquids flowing through the microchannels may be attracted to or repelled from a given pixel 
electrode by appropriately electrifying the pixel electrode. 

An aspect of some embodiments of the present invention relates to providing "flow 
15 apparatus" for controlling flow of liquids in an SPR sensor that provides and/or prevents 
liquid flow into a microchannel at a localized region of the microchannel without use of a 
valve at the region. The localized region is referred to as a "flow control region". 

In accordance with an embodiment of the present invention, the microchannel is 
defined by a wall, which at the flow control region, is formed from an elastic material. In 
20 some embodiments of the present invention the microchannel is formed in a flow cell formed 
from an elastic material. In some embodiments of the present invention, the microchannel is 
formed in a flow cell produced from a non-elastic material having an insert formed from an 
elastic material. The elastic insert forms at least a portion of the wall of the microchannel 
located at the flow control region. 
25 Li accordance with an embodiment of the present invention a hollow needle, such as 

for example a syringe needle, hereinafter referred to as a "flow needle", having an orifice that 
communicates with the needle's lumen is used to control gas or liquid flow at the junction 
region. The elastic material at the flow control region is punctured by the needle and the 
needle pushed into the channel so that it at least partially protrudes into the channel's lumen 
with the needle orifice substantially aligned with the channel lumen. A gas or liquid fluid is 
pumped into or aspirated from the microchannel through the needle via the needle orifice by 
any of many suitable devices and methods known in the art, such as a pump or pumps. 
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In some embodiments of the present invention the needle, when introduced into the 
microchamiel lumen functions as a baffle that at least partially blocks fluid flow into a 
downstream portion of the microchamiel from an upstream portion of the microchamiel or 
from another microchamiel. 
5 la accordance with an embodiment of the present invention, upon sufficient extraction 

of the needle from the microchamiel and the elastic substrate material, the elastic material 
substantially seals a hole formed therein as a result of insertion of the needle into the 
microchannel. As a result, a configuration of microchamiel connections disturbed by the 
insertion of the needle is returned upon extraction of the needle substantially to the way it was 
10 prior to the disturbance. 

In some embodiments of the present invention the needle is formed with a depression, 
hereinafter referred to as a "shunt depression", in the needle's wall. Upon sufficient 
penetration of the needle into the microchannel lumen, the shunt depression is substantially 
aligned with the microchannel and functions as a "shunt" microchannel that connects an 
1 5 upstream portion of the microchannel with another microchannel. The shunt depression shunts 
flow of liquid from the upstream portion to the other channel. 

It is noted that a "valveless" flow cell produced in accordance with an embodiment of 
the present invention is expected to be generally less expensive to produce than prior art flow 
cells comprising valves to control liquid flow. As a result, a flow cell made in accordance 
20 with an embodiment of the present invention may be sufficiently inexpensive to be disposable 
after being used once. By using a "disposable" flow cell once, possibility of contamination of 
fluids that are pumped through the flow cell may be reduced. 

An aspect of some embodiments of the present invention relates to providing an 
illumination system for SPR sensors for illuminating a same relatively large region of a sensor 
25 surface with light at a same wavelength at each of a plurality of selectable angles of incidence. 
In accordance with an embodiment of the present invention, the illumination system does not 
require moving components to select different ones of the plurality of incident angles. 

An aspect of some embodiments of the present invention relates to providing an 
mumination system for SPR sensors for illuminating a same relatively large region of an SPR 
sensor surface at a same angle of incidence with fight at each of a plurality of selectable 
wavelengths. In accordance with an embodiment of the present invention, the illumination 
system does not require moving components to select different ones of the plurality of 
wavelengths. 
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In accordance with an embodiment of the present invention, an ifiumination system 
comprises an array of light sources. An optical system collimates light from any given light 
source in the array into a beam of substantially parallel light rays all of which are incident on 
the sensor surface at substantially a same incident angle. The incident angle is a function of 
the position of the light source. 

In some embodiments of the present invention, for at least a subset of the light sources 
in the array, the positions of the light sources are such that the incident angle for different 
light sources is different. Each of the light sources in the at least a subset provides light at a 
same wavelength. The sensor surface is illiiminated with light at the wavelength and different 
incident angles by suitably turning on and turning off light sources in the at least a subset of 
light sources. 

In some embodiments of the present invention for at least a subset of the light sources 
the positions of the light sources are such that the incident angle for each of the light sources 
is substantially the same. Each of the light sources in the at least a subset provides light at a 
different wavelength. The sensor surface is iUuminated with light at the incident angle and 
different wavelengths by suitably turning on and turning off light sources in the at least a 
subset of light sources. 

There is therefore provided in accordance with an embodiment of the present 
invention, an SPR sensor comprising: a thin conducting layer comprising at least one 
conductive element formed on a surface of a transparent substrate; an illumination system 
controllable to illuminate an interface between the conducting layer and the substrate; a 
photosensitive surface that generates signals responsive to light from the light source that is 
reflected from a region of the interface; a flow cell formed with at least one flow channel 
having a lumen defined by a wall at least a portion of which is formed from an elastic material 
and a portion of which is formed by a region of the conducting layer; and at least one hollow 
needle having an exit orifice communicating with the needle's lumen and wherein fluid flow is 
enabled between the flow channel and the needle's lumen by puncturing the elastic material 
with the at least one needle so that the exit orifice communicates with the flow channel lumen. 

Optionally, the flows cell is produced from of an elastic material. 

In some embodiments of the present invention, the flow cell is formed from a 
relatively non-elastic material having an insert formed from an elastic material and wherein 
material of the insert forms at least a portion of the wall of the at least one flow channel. 
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In some embodiments of the present invention the end of the needle is closed and the 
exit orifice is located along the length of the needle. 

In some embodiments of the present invention when the needle protrudes into the 
channel it at least partially blocks flow of a fluid from a portion of the channel upstream of the 
5 needle to a portion of the needle downstream of the needle. 

Optionally, when the needle protrudes into the channel, the needle blocks substantially 
all fluid flow from the upstream portion to the downstream portion of the channel. 

In some embodiments of the present invention, the needle is formed with a depression 
in the needle wall and wherein when the needle protrudes into the channel the depression 
10 forms a shunt channel between the upstream portion, of the channel and another channel and at 
least a portion of a liquid flowing from the upstream portion of the channel towards the 
downstream portion is shunted through the shunt channel to the other channel. 

In some embodiments of the present invention, upon extraction of the needle a 
sufficient distance from the elastic material a hole made in the elastic material as a result of 
15 the puncturing seals. 

In some embodiments of the present invention, the at least one needle comprises at 
least two needles for a channel of the at least one channel and to cause a fluid to flow in the 
channel both needles puncture the elastic material and are positioned to protrude into the 
channel with their respective orifices communicating with the channel lumen so that fluid 
20 may be pumped into the channel via one of the needles and aspirated from the channel via the 
other of the needles. Optionally, the channel is a blind channel having neither an inlet or outlet 
orifice. 

In some embodiments of the present invention the SPR sensor comprises a fluid pump 
coupled to the at least one needle controllable to pump fluid into the needle and thereby, when 
25 the needle orifice communicates with the flow channel lumen, into the flow channel. 

In some embodiments of the present invention, the SPR sensor comprises a fluid pump 
coupled to the at least one needle controllable to aspirate fluid from the needle and thereby, 
when the needle orifice communicates with the flow channel, from the flow channel. 

In some embodiments of the present invention, the illumination system comprises: an 
30 array of light sources; a collimator that directs light from each light source in a collimated 
beam of light that enters the substrate and is incident on a region of the interface between the 
substrate and conducting layer region that forms the wall portion of each of the at least one 
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flow channel; and a Ught source controller controllable to turn off and turn on a light source in 
the array independent of the other Ught sources in the array. 

There is further provided in accordance with an embodiment of the present invention, 
an SPR sensor comprising: a thin conducting layer comprising at least one conductive element 
formed on a surface of a transparent substrate; a flow cell formed with at least one flow 
channel having a lumen defined by a wall a portion of which is formed by a region the 
conducting layer; a photosensitive surface that generates signals responsive to light reflected 
from a region of the interface between the region of the conducting layer that forms the wall 
portion of each of the at least one flow channel and the substrate; and an illumination system 
comprising: an array of light sources; a collimator that directs light from each Ught source in a 
collimated beam of Ught that enters the substrate and is incident on a region of the interface 
between the substrate and conducting layer region that forms the wall portion of each of the at 
least one flow channel; and a Ught source controller controllable to turn off and turn on a Ught 
source in the array independent of the other light sources in the array. 

Additionally or alternatively, the array is a linear array having an array axis. 
Optionally, the axis of the array and a normal to the interface are substantially coplanar. 
Alternatively, the axis of the array and the normal are optionally substantiaUy perpendicular. 

In some embodiments of the present invention the array is a two dimensional array. 
Optionally, the array comprises rows and columns of Ught sources. Optionally, each column is 
substantiaUy coplanar with a normal to the interface. Alternatively or additionaUy, each row is 
substantially perpendicular to the normal. 

In some embodiments of the present invention Ught sources in a same column provide 
Ught at substantiaUy same wavelengths. 

In some embodiments of the present invention aU the Ught sources in the array provide 
Ught at substantiaUy same wavelengths. 

In some embodiments of the present invention, Ught sources in a same row provide 
Ught at different wavelengths. 

In some embodiments of the present invention the SPR sensor comprises an optical 
element having two parallel surfaces through which Ught from each Ught sources passes 
before it is incident on the interface and wherein the optical element is rotatable about an axis 
perpendicular to the normal so as to change an angle at which light from a given light source 
is incident on the interface. 
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In some embodiments of the present invention the at least one conductive element 
comprises a plurality of conductive elements. 

There is further provided, in accordance with an embodiment of the present invention, 
an SPR sensor comprising: a thin conducting layer comprising a plurality of conducting 
elements formed on a surface of a transparent substrate; an illumination system controllable to 
ifluminate an interface between the conducting layer and the substrate; a photosensitive 
surface that generates signals responsive to light from the light source that is reflected from a 
region of the interface; and a flow cell formed with at least one flow channel having a lumen 
defined by a wall a portion of which is formed by a region the conducting layer. 

Additionally or alternatively, each conductive element is connected to a power source 
controllable to electrify the conducting element with respect to a reference electrode. 

In some embodiments of the present invention, the plurality of conductive element 
comprises a plurality of conducting strips. Optionally, each of the at least one flow channel 
crosses over each conducting strip. 

In some embodiments of the present invention, the plurality of conductive elements 
comprises a plurality of conducting pixels. Optionally, each of the at least one flow channel 
passes over at least one conducing pixel and each pixel lies under a flow channel. 

In some embodiments of the present invention the SPR sensor comprises an exclusive 
reference electrode for each conducting element relative to which the conducting element is 
electrified. 

In some embodiments of the present invention all the conducting elements are 
electrified relative to a same reference electrode. 

Alternatively or additionally, the reference electrode is located on an external surface 
of the flow cell. 

In some embodiments of the present invention the reference electrode is located inside 
the material from which the flow cell is formed. 

In some embodiments of the present invention the reference electrode is located on the 
surface of the substrate. Optionally, the reference electrode is comb shaped having parallel 

conducting teeth connected to a common backbone. Optionally, the conductive elements are 
located between the conducting teeth. 

In some embodiments of the present invention, the flow channel has a cross section 
area less than or equal to about a square millimeter. Optionally, the flow channel has a cross 
section area less than or equal to about 0.5 square millimeters. Optionally, the flow channel 
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has a cross section area less than or equal to ahout 0.2 square millimeters. Optionally, the flow 
channel has a cross section area less than or equal to about 0.1 square millimeters. 

In some embodiments of the present invention the at least one flow channel comprises 
a plurality of channels. 

BRIEF DESCRIPTION OF FIGURES 

Non-limiting examples of embodiments of the present invention are described below 
with reference to figures attached hereto and listed below. In the figures, identical structures, 
elements or parts that appear in more than one figure are generally labeled with a same 
numeral in all the figures in which they appear. Dimensions of components and features 
shown in the figures are chosen for convenience and clarity of presentation and are not 
necessarily shown to scale. 

Figs. 1A-1F schematically show SPR sensor, in accordance with embodiments of the 
present invention; 

Fig. 2 schematically shows an SPR sensor with a flow needle inserting fluid into a 
microchannel, in accordance with an embodiment of the present invention; 

Figs. 3A-3D show schematic cross section views illustrating a process by which a flow 
needle punctures a flow cell in order to insert fluid into a microchannel in the flow cell and 
shunt fluid flowing into the microchannel to a drain microchannel, in accordance with an 
embodiment of the present invention; 

Fig. 3E schematically shows a cross sectional view of a flow cell having a 
microchannel and elastic inserts, in accordance with an embodiment of the present invention; 

Fig. 4 schematically shows an SPR sensor, for performing an SPR wavelength scan of 
a sensor surface, in accordance with an embodiment of the present invention; and 

Fig. 5 schematically shows an SPR sensor, for performing an SPR wavelength scan 
and/or an SPR incident angle scan of a sensor surface, in accordance with an embodiment of 
the present invention. 

DETAILED DESCRD7TION OF EXEMPLARY EMBODIMENTS 

Fig. 1 A schematically shows an SPR sensor 20 in accordance with an embodiment of 
the present invention. For convenience of discussion location and position of elements and 
features of SPR sensor 20 are referred to a coordinate system 22. 

SPR sensor 20 comprises an optionally linear array 24 of light sources 26 having an 
array axis 27 and a prism 30 having a sensor surface 32. A flow cell 34 comprises 
microchannels 36 for flowing liquid across and in contact with sensor surface 32 and a probe 
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layer (not shown) of desired ligands generated on a suitable SPR conductor formed on the 
sensor surface. In SPR sensor 20 the probe layer is generated on an SPR conductor optionally 
comprising a plurality of strip electrodes 33. 

An array 40 of flow needles 42 coupled to suitable pumping apparatus (not shown) is 
optionally used to introduce liquids into microchannels 36. Operation of flow needles 42 in 
introducing liquid into microchannels 36 is described below. Microchannels 36 and flow 
needles 42 are shown having square or rectangular cross sections for convenience of 
presentation and cross section shapes of the microchannels and flow needles, in accordance 
with an embodiment of the present invention may have cross section shapes other than square 
or rectangular. For example, the cross section shapes may be round, oval or irregular. In 
addition, the sharp rectangular bends in microchannels 36 may be rounded and gradual. In 
some configurations of microchannels in accordance with embodiments of the present 
invention, bends such as though shown in Fig. 1 A, may not exist. 

Microchannels 36 optionally have a cross section less than or equal to about 1 sq.-mm. 
Optionally the microchannel has a cross section less than or equal to about 0.5 sq.-mm. 
Optionally the microchannel cross section is less than about 0.2 sq.-mm. Optionally the 
microchannel cross section is less than about 0.1 sq.-mm. 

The outer form of flow cell 34 is shown in ghost lines and details of internal features, 
such as microchannels 36, of the flow cell are shown in solid lines for clarity of presentation. 
Sensor surface 32 is arbitrarily located in the xy-plane of coordinate system 22, light sources 
26 provide light at a same wavelength appropriate for intended SPR angular scan applications 
and array axis 27 of linear array 24 optionally lies in the yz-plane. 

Linear array 24 is positioned at the focal plane of an optical system schematically 
represented by a lens 46 having an optical axis 48 in the yz-plane. Lens 46 collects and 
collimates light from each light source 26 into a beam of parallel light rays and directs the 
collimated light so that it is incident on an "input" prism surface 50 of prism 30. A normal to 
input surface 50 is optionally parallel to the yz-plane. Light directed by collimator 46 that is 
incident on input surface 50 enters prism 30 and is incident on sensor surface 32. 

All light incident on sensor surface 32 from a given light source 26 is incident on the 
sensor surface at substantially a same incident angle and light from different light sources 26 
is incident on the sensor surface at different incident angles. The angle at which light from a 
given light source 26 is incident on sensor surface 32 is determined by the position of the 
given light source along the axis of linear array 24, the focal length "f ' of lens 46 and the 



13 



WO 2004/059301 ^ ^ PCT/IL2002/001037 

index of refraction "n" of material from which prism 30 is formed. An angular difference 
between the angles of incidence on sensor surface 32 of light from two adjacent light sources 
26 is approximately equal to (D/f)(l/n), where D is a distance between the adjacent light 
sources 26. Optionally, distance D between any two adjacent light sources 26 along array axis 
5 27 is the same. 

It is noted that incident angles available from light source array 24 are "quantized" in 
steps of (D/f)(l/n) radians. In some embodiments of the present invention, an SPR sensor such 
as SPR sensor 21 shown in Fig. IB, comprises a "displacement plate" 100 formed from a 
suitably transparent material and having parallel surfaces 101 and 102 is positioned between 

10 light source array 24 and prism 30. Except for displacement plate 100, SPR sensor 21 is 
identical to SPR sensor 20. Displacement plate 100 is optionally positioned between light 
source array 24 and lens 46 and is controllable to be rotated about an axis 104 parallel to the 
x-axis. Angular orientation of displacement plate 100 is thereby controllable so that a normal 
(not shown) to surfaces 101 and 102 can be oriented at a desired angle with respect to optic 

15 axis 48. 

For non-zero "displacement angles" between optic axis 48 and the normal to surfaces 
101 and 102, displacement plate 100 generates virtual images of light sources 26 that are 
displaced along array axis 27. Magnitude of displacement of light sources 26 is a function of 
the displacement angle, distance between surfaces 101 and 102 and index of refraction of the 
20 material from which displacement plate 100 is formed. By suitably rotating displacement 
plate 100, light from any light source 26 can be directed to be incident on sensor surface 32 at 
substantially any desired incident angle and not only at a quantized incident angle. 

Light incident on sensor surface 32 that is reflected from the surface exits prism 30 
through an output prism surface 52 and is collected and imaged by a suitable optical system 
25 represented by a lens 53 onto a two dimensional photosurface 54 such as a CCD. A polarizer 
(not shown) is positioned between array 24 and prism 30 or preferably between prism 30 and 
photosurface 54. The polarizer linearly polarizes light received by photosurface 54 so that 
relative to sensor surface 32 it has substantially only a p component of polarization. 

Whereas the SPR conductor shown in Fig. 1A (and Fig. IB, however Fig. 1A will 
generally be used as reference for features common to SPR sensors 21 and 22) has only five 
strip electrodes 33, the number is by way of example and a number of strip electrodes other 
than five may be used in the practice of the present invention. For example, in some 
embodiments of the present invention strip electrodes 33 cover a region of sensor surface 32 
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having an extent in the x and the y directions equal to about 20mm. Each strip electrode 33 
has a width of, optionally, about 100 micrometers and the electrodes are optionally formed on 
sensor surface 32 at a pitch of about 200 micrometers. For these dimensions the number of 
strip electrodes 33 on sensor surface 32 is about 100. 

Microchannels 36 in flow cell 34 are optionally parallel and flow cell 34 is mounted to 
prism 30 so that the microchannels are optionally perpendicular to strip-electrodes 33. Each 
microchannel 36 optionally has an inlet segment 55 and a segment 56 that is open on a side of 
the microchannel facing sensor surface 32 so that fluid flowing in the microchannel contacts 
each strip electrode 33 that the microchannel crosses at a crossover region 58. Regions of 
some microchannels 36 in SPR sensor 20 in Fig. 1 A are cut away to show crossover regions 
58. Each microchannel 36 optionally has an open ended outlet segment 61 through which 
fluid flowing in the microchannel may exit the microchannel. 

In accordance with an embodiment of the present invention, each strip electrode 33 is 
connected to a power supply 60. Power supply 60 is controllable to electrify each strip 
electrode 33 relative to a suitable reference electrode connected to the power supply so as to 
generate an electric field having a component perpendicular to sensor surface 32 at each of the 
electrode's cross over regions 58. The electric field at each cross over region passes through 
the lumen of the microchannel 36 that crosses over the electrode at the crossover region. To 
appropriately electrically isolate each strip electrode 33, flow cell 34 is formed from an 
20 insulating material or is appropriately covered with an insulating material. For convenience of 
presentation it is assumed hereinafter that flow cell 34 and other flow cells, in accordance 
with an embodiment of the present invention, are formed from a suitable insulating material 
although parts of the flow cell may be formed from a conducting material. 

In some embodiments of the present invention, as shown for SPR sensor 20 in Fig. 
25 1A, each strip electrode 33 is electrified relative to a same relatively large reference electrode 
62 located on a top surface 64 of flow cell 34. In some embodiments of the present invention, 
reference electrode 62 is "buried" in flow cell 34 so as to bring each strip electrode closer to 
the large electrode. Bringing reference electrode 62 closer to strip electrodes 33 tends to 
concentrate the electric field between an electrified strip electrode 33 and the reference 
30 electrode within a volume of space sandwiched between the strip electrode and the reference 
electrode and thereby reduce "cross-talk" between strip electrodes. 

In some embodiments of the present invention top surface 64 has a recessed portion 
relatively closer to strip electrodes 33 than other regions of the top surface. Reference 
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electrode 62 is mounted to the recessed portion so as to reduce distance between the reference 
electrode and strip-electrodes 33. Fig. 1C schematically shows an SPR sensor 70, in 
accordance with an embodiment of the present invention similar to SPR sensor in which a top 
surface 72 of a flow cell 74 has a recessed portion 75 on which a reference electrode 62 is 
5 mounted. For clarity of presentation in Fig. 1C internal microchannels, other internal features 
of flow cell 74 and strip electrodes 33 are not shown. 

In some embodiments of the present invention each strip electrode 33 has its own 
exclusive "partner" reference electrode relative to which the strip electrode is electrified by 
power supply 60. Such a partner electrode is optionally a mirror image of the strip electrode to 

10 which it is a partner. Optionally, each strip electrode's partner electrode is buried inside flow 
cell 34. Fig. ID schematically shows an SPR sensor 80 having a flow cell 82, in accordance 
with an embodiment of the present invention, in which each strip electrode 33 has its own 
mirror image partner electrode 83 buried in the flow cell. 

In some embodiments of the present invention an SPR conductor on sensor surface 32 

15 comprises a plurality of pixel electrodes instead of strip-electrodes 33. Fig. IE schematically 
shows an SPR sensor 140 comprising an SPR conductor having pixels electrodes 142. For 
clarity of presentation internal features of flow cell 34 are not shown in Fig. IE and the flow 
cell and reference electrode 62 are shown in ghost lines. Pixel electrodes 142 are arrayed in 
optionally parallel rows 144, each of which is optionally perpendicular to microchannels 36 

20 (Fig. 1A) in flow cell 34 and each flow cell in a row 144 is located under a different 
microchannel. Each pixel electrode 142 is connected to power supply 60 and may be 
electrified relative to reference electrode 62 independent of electrification of the other pixel 
electrodes. 

In some embodiments of the present invention both an SPR conductor and a reference 
25 conductor or conductors are located on an SPR sensor surface. By way of example, Fig. IF 
schematically shows an SPR sensor 150, in accordance with an embodiment of the present 
invention having an SPR conductor comprising a plurality of strip electrodes 152 and a 
reference electrode 154 both of which are located on the SPR sensor's sensor surface 32. 
Reference electrode 154 is in the form of a comb having teeth 156 that interleave with strip 
30 electrodes 152 and is a reference electrode common to all the strip electrodes. Optionally 
reference electrode 152 is grounded. Each strip electrode 152 is electrified by power supply 
60 relative to reference electrode 154 independent of the electrification of other of the strip 
electrodes. 
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In accordance with an embodiment of the present invention, a flow cell is formed from 
an elastic material and liquids are introduced into a microchannel formed in the flow cell by 
puncturing the elastic material with a flow needle until an outlet orifice of the flow needle is 
substantially aligned with the microchannel. Liquid is pumped into the microchannel from the 
flow needle's lumen to the microchannel via the orifice. Any of various methods and 
"positioning" apparatus known in the art may be used to control movement and positioning of 
the flow needles and controlling liquid flow into and out of the flow needles. A method of 
controlling fluid flow in microchannels of a flow cell using flow needles, in accordance with 
an embodiment of the present invention is discussed with reference to Fig. 1 A. 

Liquids are introduced into microchannels 36 of flow cell 34 shown in Fig. 1A either 
through their respective inlet segments 55 or by injection through flow needles 42. Each 
microchannel 36 is associated with its own flow needle 42 and position of the flow needle 
determines whether liquid from inlet segment 55 or from flow needle 42 flows in the 
microchannel. Each microchannel 36 is also associated with is own drain microchannel 59. A 
microchannel 36 and its drain microchannel 59 are not connected by a flow channel formed in 
the flow cell 34. 

Each flow needle 42 has an outlet orifice 43 optionally located along the length of the 
flow needle that communicates with the flow needle's lumen and an optionally closed, 
relatively sharp tip 45. Optionally, a depression 47, i.e. a "shunt depression 47" is formed on a 
"back-side" wall 49 of flow needle 42 opposite its outlet orifice 43. Inset 90 in Fig. 1 shows a 
schematic enlarged view of a flow needle 42 that shows back-side wall 49 of the flow needle 
and its shunt depression 47. 

Whereas in Fig. 1A shunt depression 47 has a width less than a width of backside wall 
49 in some embodiments of the present invention, shunt depression 47 has a width 
substantially equal to that of backside wall 49 and such a width can be advantageous. It is 
noted that whereas flow needles 42 have their respective orifices 43 located along their 
lengths and are shown with closed ends, flow needles suitable for the practice of the present 
invention may have open ends and these open ends may function also as exit orifices. 

In accordance with an embodiment of the present invention, a flow needle 42 has an 
extracted position and an inserted position. In Fig. 1A all flow needles 42 are shown in the 
extracted position. In the extracted position a flow needle 42 does not affect fluid flow in its 
associated microchannel 36 and liquid pumped into inlet segment 55 of the associated 
microchannel will flow in the microchannel. 
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To move flow needle 42 from its extracted position to its inserted position, in 
accordance with an embodiment of the present invention, the flow needle is forced into flow 
cell 34 so that it cuts through and penetrates the elastic flow cell material. The flow needle is 
inserted until the flow needle's orifice 43 is substantially aligned with the lumen of its 
associated microchannel 36. In the inserted position flow needle 42 blocks liquid flow from 
inlet segment 55 of microchannel 36 into the microchannel's lumen downstream of the inlet 
segment and enables flow of liquid from the flow needle's lumen into the microchannel. For 
those flow needles 42, which in accordance with an embodiment of the present invention have 
a shunt depression, in the inserted position the flow needle shunts liquid pumped into inlet 
segment 55 of microchannel 36 to the microchannel's drain microchannel 59. 

Fig. 2 schematically shows SPR sensor 20 with a left-most flow needle 42, which is 
individualized by the numeral 92, in an inserted position. Figures 3A-3D schematically 
illustrate cross sectional views of flow needle 92 being moved from its exfracted position to 
its inserted position in flow cell 34. In the cross-sectional views, orifice 43 of flow needle 92 
is indicated by a gap in the wall of the flow needle and shunt depression 47 as a recess in the 
wall. 

In Fig. 3A flow needle 92 is in the extracted position and liquid, indicated by 
arrowhead lines 94 is being pumped into inlet segment 55 of its associated microchannel 36 
from a suitable source. Liquid 94 flows freely from inlet segment 55 into and through 
microchannel 36. In Fig. 3B flow needle 92 is lowered into drain microchannel 59 until its tip 
45 is touching a region 96, hereinafter referred to as a "septum 96", of flow cell 34 that 
separates drain microchannel 59 from microchannel 36. In Fig. 3C flow needle 92 is 
schematically being forced through septum 96. 

In Fig. 3D, flow needle 92 has penetrated flow cell 34 sufficiently so that its outlet 
orifice 43 is substantially aligned with microchannel 36 and the flow needle is in its inserted 
position. In addition, in the inserted position, shunt depression 47 is substantially aligned to 
form a shunt flow channel between inlet segment 55 and drain microchannel 59. Shunt 
depression 47 is sufficiently deep and narrow so that the elastic material of flow cell 34 does 
not squeeze into the shunt depression and seal it. Liquid represented by arrowhead lines 98 
flows from flow needle 92 through the flow needle's exit orifice 43 into microchannel 36. 
Flow of liquid 94 from inlet segment 55 into a portion of microchannel 36 downstream of the 
flow needle is substantially blocked by the flow needle and is shunted via shunt depression 47 
to drain microchannel 59, from which drain microchannel the liquid exits flow cell 34. 
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In some embodiments of the present invention to provide for a degree of play in 
alignment of exit orifice 43 with microchannel 36 when flow needle 92 is in the inserted 
position, microchannel 36 has a relatively enlarged cross section in a region of the 
microchannel in which the flow needle is introduced. Alternatively or additionally exit orifice 
43 may be smaller than the microchannel cross section in the region of the microchannel in 
which flow needle 92 is introduced. 

Whereas in the above example flow cell 34 is assumed to be formed from an elastic 
material, in some embodiments of the present invention, a flow cell is formed from a 
relatively inelastic material. To provide regions of a microchannel for which a flow needle can 
be introduced into the microchannel, in accordance with an embodiment of the present 
invention, the flow cell comprises elastic inserts, which form regions of the microchannel. A 
flow needle may positioned in the flow channel, in accordance with an embodiment of the 
present invention by suitable puncturing the elastic inserts. 

Fig. 3E schematically shows a cross sectional view of a flow cell 160 having a 
microchannel 162 formed therein, in accordance with an embodiment of the present invention. 
Flow cell 160 is produced from a relatively inelastic material and to provide a suitable region 
through which to introduce a flow needle into microchannel 162, in accordance with an 
embodiment of the resent invention, the flow cell is fitted with elastic inserts 164 and 166. A 
channel 59 has a portion thereof formed in the relatively inelastic material of flow cell 160 
and a portion thereof formed in elastic insert 164. 

It is noted that in Figs. 3A-3E it is assumed that fluid introduced into a microchannel 
36 by flow needle 92 exits the flow channel through open ended exit segment 61. In some 
embodiments of the present invention fluid introduced into a microchannel via a first flow 
needle may exit the flow channel via a second flow needle rather than through an exit 
segment. Both the first and second flow needles puncture regions of the wall of the 
microchannel formed form an elastic material and are introduced into the lumen of the 
microchannel so that their respective orifices communicate with the lumen. The orifice of the 
first flow needle faces downstream and the orifice of the second flow needle faces upstream. 
Fluid is introduced into the microchannel via the first needle, for example by pumping the 
fluid into the microchannel via the first needle's lumen. The fluid exits the microchannel via 
the second flow needle, for example by aspirating the fluid from the microchannel via the 
second needle's lumen. 
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It is further noted that in the discussion of Figs. 1A-3E when a flow needle 42 (Figs. 
1A-2) or individualized flow needle 92 (Figs. 3A-3D) is introduced into microchannel 36 it 
completely blocks fluid flow into the microchannel from upstream of the needle. In some 
embodiments of the present invention a flow needle may only partially block fluid flow from 
upstream of the needle. For example, the orifice of the flow needle may be positioned so that 
the needle may the orifice communicates with the microchannel lumen when the flow needle 
is only partially introduced into the microchannel lumen so that it only partially blocks fluid 
flow from upstream. Alternatively the flow needle may be narrower than a width of the cross 
section of the microchannel in a region of the microchannel in which the flow needle is 
introduced into the microchannel. As a result, even when fully introduced into the 
microchannel a fluid from upstream may stream downstream around the needle. A flow 
needle and microchannel configuration that enables the flow needle to only partially block 
fluid flow in the microchannel can be advantageous when it is desired to mix a fluid 
introduced into the microchannel via the flow needle with fluid flowing downstream from 
upstream of the needle. Variations of the methods described for using flow needles, in 
accordance with an embodiment of the present invention to introduce and remove fluid from a 
microchannel will occur to a person of the art. 

To illustrate operation of SPR sensor 20, in accordance with an embodiment of the 
present invention, assume that it is required to determine the kinetics of interaction between a 
plurality of different "probe" proteins with a particular "target" proteins. By way of example, 
assume that the number of the plurality of probe proteins is equal to the number (twenty five) 
of crossover regions 58 between microchannels 36 and strip electrodes 33 in SPR sensor 20 
and that a different probe protein is to be immobilized at each crossover region. 
hnmobiUzation at cross over region, in accordance with an embodiment of the present 
invention, may be made directly to the conductor from which strip electrodes 33 are formed or 
to a suitable molecular layer formed on the conductor using any of various methods known in 



the art. 



To prepare an appropriate microarray of the probe proteins on strip electrodes 36, 
initially, buffer or water is pumped through microchannels 36 via inlet segments 55 to clean 
and prepare the strip electrodes for immobilization of the probe proteins at crossover regions 
58. Each flow needle 42 is aspirated, using any of various different methods and apparatus 
known in the art, with an appropriate solution comprising a different one of the plurality of 
probe proteins. Assume that the different probe proteins are to be immobilized on a first one 
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of strip electrodes 33. The first strip electrode is electrified positive or negative with respect to 
reference electrode 62 depending upon whether the probe proteins are negatively or positively 
charged respectively. The remaining strip electrodes are all electrified with respect to 
electrode 62 to voltage or voltages having polarity opposite to polarity of a voltage to which 
the first electrode is electrified. Flow needles 42 with their respective nucleotide solutions are 
controlled to puncture flow cell 34 so that they are positioned in their inserted positions. 

Upon insertion of flow needles 42 to their inserted positions, flow of buffer or water 
through the microchannels via their respective input segments 55 is halted and buffer or water 
pumped the input segments is shunted to corresponding drain microchannel 59 via the flow 
needle's shunt depressions 47. The probe protein solution in each flow needle 42 is pumped 
out of the flow needle and into its associated microchannel 36. As a result of the 
electrification pattern of strip electrodes 33 and the charge on the probe protein in the 
solution, the probe protein is attracted to the first strip electrode 33 and repelled by the other 
strip electrodes 33. The probe protein is thereby immobilized at the at the crossover region 58 
of the associated microchannel 33 and the first strip electrode 33 and is substantially 
prevented from immobilizing at crossover regions 58 of the other strip electrodes 33. 

During immobilization of the probe proteins, the process of immobilization and 
quantities of probe proteins immobilized at crossover regions 58 is monitored by performing 
an SPR angular scan of sensor surface 64. Light sources 26 in array 24 are sequentially turned 
on and turned off to perform the angular SPR scan of sensor surface 64 and illuminate 
substantially a same region of sensor surface 64, which includes at least all of crossover 
regions 58, at a plurality of different incident angles. 

Signals generated by CCD 54 responsive to light from each fight source 26 reflected at 
each crossover region 58 (i.e. from a region of sensor surface 64 on which the crossover 
region is located) of the first strip electrode 33 are used to determine an SPR parameter for the 
crossover region. The SPR parameter is used to monitor accretion of immobilized probe 
protein at the crossover region. Signals from crossover regions 58 of other strip electrodes 33 
and from regions of strip electrodes 33 that are not crossover regions are used to correct and 
normalize signals from crossover regions 58 of the first strip electrode 33. 

Flow needles 42 are then extracted from flow cell 34. Upon extraction blockage of 
inlet segments 55 of microchannels 36 by flow needles 42 is removed and "insertion holes" 
formed in the elastic material from which flow cell 34 is formed due to insertion of flow 
needles 42 seal. Flow of buffer or water through microchannels 36 via inlet segments 55 
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resumes and purges probe proteins at crossover regions of the first strip electrode 33 and other 
strip electrodes 33 and in microchannels 33 that were not immobilized. 

The above-described process is repeated for each of the other strip electrode 33 with 
solutions containing different probe proteins from the plurality of probe proteins until a 
5 different desired one of the probe proteins is immobilized at each of crossover regions 58 and 
the desired microarray of twenty-five probe proteins is prepared. 

Following preparation of the microarray, each of flow needles 42 is aspirated with a 
solution of the particular target protein whose interaction kinetics with the probe proteins is to 
be tested. The flow needles are inserted into flow cell 34 to their respective inserted positions 

10 to block flow of water or buffer from inlet segments 55 and flush each microchannel 36 with 
the target protein solutions. An angular SPR scan of sensor surface 62 is performed by 
appropriately turning on and off light sources 26. Signals provided by CCD 54 responsive to 
light from the light sources reflected from each crossover region 58 are processed to monitor 
the interaction kinetics between the target protein and the probe protein immobilized at the 

15 crossover region. 

In the above example, interaction kinetics of a single target protein with each of 
twenty five probe proteins is monitored by SPR sensor 20. It is of course possible, in 
accordance with an embodiment of the present invention, to flow a different target protein 
through each microchannel after preparation of the microarray. In that case interaction 

20 kinetics of each of five target proteins is monitored for each of five different probe proteins. 
Interaction kinetics of a given target protein is monitored for probe proteins that are 
immobilized at crossover regions between each of strip electrodes 33 and a particular 
microchannel through which the given target protein flows. 

It is further noted that in describing preparation of the above noted microarray of 

25 twenty five probe proteins, it was tacitly assumed that in order to configure electrification of 
strip electrodes 33 when immobilizing the proteins, all proteins pumped through 
microchannels 36 at a same time carry a same polarity charge. Therefore, for the resulting 
microarray probe proteins immobilized on crossover regions 58 of a same given strip 
electrode 33 carry a same polarity charge. However, in some embodiments of the present 

30 invention biomolecules having different polarity charges are immobilized on a same given 
strip electrode 33. 

In general, biomolecules bound to a strip electrode 33, for example by covalent bonds, 
are bound by electrical fields that are substantially stronger than electric fields used to attract 
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or repel biomolecules that are generated by electrifying the strip electrode. As a result, it is 
possible to bind biomolecules having opposite polarity charge to a same electrode strip 33. 

For example, assume a first fluid comprising first biomolecules having a first polarity 
charge are pumped through a flow channel 36 so as to contact a given strip electrode 33 at a 
5 first cross over region 58. To attract and immobilize the first biomolecules on the first 
crossover region 58, the given strip electrode is appropriately electrified to attract the first 
biomolecules. Subsequently a second fluid comprising second biomolecules having a second 
polarity charge is pumped through a different flow channel 36 so as to contact the given strip 
electrode 33 at second crossover region 58. To attract and immobilize the second 

10 biomolecules to the second crossover region 58 of strip electrode 33 polarity of electrification 
of the strip electrode is reversed. The electric field generated by the reversed polarity 
electrification of the given strip electrode 33, while sufficient to attract the second 
biomolecules to the strip electrode, is not strong enough to sunder bonds between the first 
biomolecules, which are already bound to the strip electrode, and the strip electrode. 

15 It is noted that an SPR electrode comprising a plurality of pixel electrodes, in 

accordance with an embodiment of the present invention, such as the SPR electrode 
comprising pixel electrodes 142 shown in Fig. IE, may be advantageous in preparing a 
microarray of biomolecules having different polarity charge configurations. A "pixelated" 
SPR electrode, in accordance with an embodiment of the present invention, provides 

20 increased flexibility for generating different polarity electric fields at different regions of the 
SPR electrode. 

In the above description of exemplary SPR sensors, in accordance with embodiments 
of the present invention, only angular SPR scans are used to monitor processes occurring at a 
microarray prepared on an SPR electrode formed on sensor surface 32. Some SPR sensors, in 

25 accordance with embodiments of the present invention, are configured to provide wavelength 
scans of a sensor surface and comprise a light source array that provides light at a same 
incident angle and different wavelengths. 

Fig. 4 schematically shows an SPR sensor 120, in accordance with an embodiment of 
the present invention, configured to provide SPR wavelength scans of sensor surface 32 at a 

30 constant incident angle. SPR sensor 120 is similar to SPR sensor 20 shown in Fig. 1A. 
However, unlike SPR sensor 20, SPR sensor 120 optionally comprises a linear light array 122 
of light sources 124 for which each light source provides light at a different desired 
wavelength and an array axis 126 of the array is parallel to the x-axis. 
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Incident angle of light from a light source, such as a light source 26 in array 24 of SPR 
sensor 20 (Fig. 1A) or a light source 124, is determined substantially only by an elevation 
angle of the light source position measured with respect to the z-axis. The incident angle is a 
second order function of an azimuth angle, as measured for example from the x-axis and in 
the xy-plane, of a light source 26 or a light source 124. 

Whereas each light source 26 in SPR sensor 20 (Fig. 1 A) is located at a same azimuth 
angle (all light sources 26 are located substantially in the yz-plane) but at a substantially 
different declination angle, light sources 124 in array 120 are located at a substantially same 
declination angle but substantially different azimuth angles. Different light sources 26 
therefore provide, in accordance with an embodiment of the present invention, light at 
different incident angles and are suitable for providing angular SPR scans of SPR sensor 
surface 32 at constant wavelength. Light sources 124 on the other hand provide light at 
substantially a same incident angle but at different wavelengths and light source array 122 is 
therefore suitable for providing an SPR wavelength scan of sensor surface 32 at a constant 
incident angle. 

In accordance with some embodiments of the present invention, an SPR sensor 
comprises a two dimensional, optionally planar, array of light sources. In some embodiments 
of the present invention, light sources are configured in the array so that they provide light at 
different wavelengths and from a range of elevation angles and a range of azimuth angles. By 
appropriately turning on and off light sources in the array, both SPR angular and wavelength 
scans of an SPR sensor surface can be provided. 

Fig. 5 schematically shows an SPR sensor 130 comprising a two dimensional array 
132 of light sources 134. Array 132 is optionally a rectangular array and comprises rows 136 
and columns 138 of light sources 134. Rows 136 are parallel to the x-axis and each light 
source 134 in a row 136 optionally provides light at a different wavelength suitable for desired 
SPR wavelength scans of sensor surface 32. Optionally, all light sources in a same given 
column 138 provide light at a same wavelength. Light sources 134 in the column 138 are 
suitable for providing an SPR angular scan of sensor surface 32 at the wavelength of light 
provided by the light sources in the column. 

It is noted that for performing an angular SPR scan it can be difficult to provide a light 
source that provides strong intensity light for muminating an SPR sensor surface at each of a 
plurality of different desired incident angles. In some embodiments of the present invention 
all light sources 134 in array 132 provide light at a same wavelength. For a configuration in 
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which all light sources 134 provide light at a same wavelength light source array 132 may be 
used to perform an angular SPR scan with relatively intense light at each incident angle used 
in the scan. 

For example, as noted above, each light source 134 in a row 136 of array 132 provides 
5 light at a same incident angle, which is defined substantially by the row's elevation angle. 
Light sources 134 in different rows 136 provide light at different incident angles. Assume that 
the different desired scan angles for an SPR angular scan are the different incident angles 
provided by light sources 134 in the different rows 136. Relatively intense light may be 
provided at a given desired scan incident angle by simultaneously turning on all light sources 

10 134 in the row 136 for which the light sources provide light at the given incident angle. 

As in the case of light source array 24 (as shown in Fig. IB), light source array 122 
and a two dimensional light source array, such as array 132 shown in Fig. 5, may be combined 
with a displacement plate (Fig. IB) that functions to adjust angles at which light from light 
sources in the array are incident on sensor surface 32. 

15 Whereas, aspects and features of the present invention have been described as 

comprised in SPR sensors, the aspects and features are not limited to use in SPR sensors. For 
example, illumination systems, flow apparatus and electrode configurations in accordance 
with embodiments of the present invention may be used in critical angle refractometry 
systems and total internal reflection fluorescence or phosphorescence systems. 

20 In the description and claims of the present application, each of the verbs, "comprise" 

"include" and "have", and conjugates thereof, are used to indicate that the object or objects of 
the verb are not necessarily a complete listing of members, components, elements or parts of 
the subject or subjects of the verb. 

The present invention has been described using detailed descriptions of embodiments 

25 thereof that are provided by way of example and are not intended to limit the scope of the 
invention. The described embodiments comprise different features, not all of which are 
required in all embodiments of the invention. Some embodiments of the present invention 
utilize only some of the features or possible combinations of the features. Variations of 
embodiments of the present invention that are described and embodiments of the present 

30 invention comprising different combinations of features noted in the described embodiments 
will occur to persons of the art. The scope of the invention is limited only by the following 
claims. 
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CLAIMS 



1 . An SPR sensor comprising: 

a thin conducting layer comprising at least one conductive element formed on a 
surface of a transparent substrate; 

an illumination system controllable to illuminate an interface between the conducting 
layer and the substrate; 

a photosensitive surface that generates signals responsive to light from the light source 
that is reflected from a region of the interface; 

a flow cell formed with at least one flow channel having a lumen defined by a wall at 
least a portion of which is formed from an elastic material and a portion of which is formed by 
a region of the conducting layer; and 

at least one hollow needle having an exit orifice communicating with the needle's 
lumen and wherein fluid flow is enabled between the flow channel and the needle's lumen by 
puncturing the elastic material with the at least one needle so that the exit orifice 
communicates with the flow channel lumen. 

2. An SPR sensor according to claim 1 wherein the flows cell is produced from of an 
elastic material. 



3. An SPR sensor according to claim 1 wherein the flow cell is formed from a relatively 
non-elastic material having an insert formed from an elastic material and wherein material of 
the insert forms at least a portion of the wall of the at least one flow channel. 

4. An SPR sensor according to. any of claims 1-3 wherein the end of the needle is closed 
and the exit orifice is located along the length of the needle. 

5. An SPR sensor according to any of claims 1-4 wherein when the needle protrudes into 
the channel it at least partially blocks flow of a fluid from a portion of the channel upstream of 
the needle to a portion of the needle downstream of the needle. 



26 



WO 2004/059301 




PCT/EL2002/001037 



6. An SPR sensor according to claim 5 wherein when the needle protrudes into the 
channel, the needle blocks substantially all fluid flow from the upstream portion to the 
downstream portion of the channel. 

7. An SPR sensor according to any of claims 1-6 wherein the needle is formed with a 
depression in the needle wall and wherein when the needle protrudes into the channel the 
depression forms a shunt channel between the upstream portion of the channel and another 
channel and at least a portion of a liquid flowing from the upstream portion of the channel 
towards the downstream portion is shunted through the shunt channel to the other channel. 

8. An SPR sensor according to any of claims 1 -7 wherein upon extraction of the needle a 
sufficient distance from the elastic material a hole made in the elastic material as a result of 
the puncturing seals. 

9. An SPR sensor according to any of claims 1-8 wherein the at least one needle 
comprises at least two needles for a channel of the at least one channel and to cause a fluid to 
flow in the channel both needles puncture the elastic material and are positioned to protrude 
into the channel with their respective orifices communicating with the channel lumen so that 
fluid may be pumped into the channel via one of the needles and aspirated from the channel 
via the other of the needles. 

10. An SPR sensor according to claim 9 wherein the channel is a blind channel having 
neither an inlet or outlet orifice. 

11. An SPR sensor according to any of claims 1-10 and comprising a fluid pump coupled 
to the at least one needle controllable to pump fluid into the needle and thereby, when the 
needle orifice communicates with the flow channel lumen, into the flow channel. 

12. An SPR sensor according to any of claims 1-1 1 and comprising a fluid pump coupled 
to the at least one needle controllable to aspirate fluid from the needle and thereby, when the 
needle orifice communicates with the flow channel, from the flow channel. 
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13. An SPR sensor according to any of claims 1-12 wherein the illumination system 
comprises: 

an array of light sources; 

a collimator that directs light from each ligjht source in a collimated beam of light that 
enters the substrate and is incident on a region of the interface between the substrate and 
conducting layer region that forms the wall portion of each of the at least one flow channel; 
and 

a light source controller controllable to turn off and turn on a light source in the array 
independent of the other light sources in the array. 

14. An SPR sensor comprising: 

a thin conducting layer comprising at least one conductive element formed on a 
surface of a transparent substrate; 

a flow cell formed with at least one flow channel having a lumen defined by a wall a 
portion of which is formed by a region the conducting layer; 

a photosensitive surface that generates signals responsive to light reflected from a 
region of the interface between the region of the conducting layer that forms the wall portion 
of each of the at least one flow channel and the substrate; and 

an illumination system comprising: 

an array of light sources; 

a collimator that directs light from each light source in a collimated beam of light that 
raters the substrate and is incident on a region of the interface between the substrate and 
conducting layer region that forms the wall portion of each of the at least one flow channel; 
and 

a light source controller controllable to turn off and turn on a light source in the array 
independent of the other light sources in the array. 

15. An SPR sensor according to claim 13 or claim 14 wherein the array is a linear array 
having an array axis. 

16. An SPR sensor according to claim 15 wherein the axis of the array and a normal to the 
interface are substantially coplanar. 
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17. An SPR sensor according to claim 15 wherein the axis of the array and the normal are 
substantially perpendicular. 

18. An SPR sensor according to claim 14 wherein the array is a two dimensional array. 

5 

19. An SPR sensor according to claim 18 wherein the array comprises rows and columns 
of light sources. 

20. An SPR sensor according to claim 19 wherein each column is substantially coplanar 
1 0 with a normal to the interface. 

21. An SPR sensor according to claim 19 or claim 20 wherein each row is substantially 
perpendicular to the normal. 

15 22. An SPR sensor according to any of claims 19-21 wherein light sources in a same 
column provide light at substantially same wavelengths. 

23. An SPR sensor according to any of claims 18-22 wherein all the light sources in the 
array provide light at substantially same wavelengths. 

20 

24. An SPR sensor according to any of claims 19-23 wherein light sources in a same row 
provide light at different wavelengths. 

25. An SPR sensor according to any of claims 14-24 and comprising an optical element 
25 having two parallel surfaces through which light from each light sources passes before it is 

incident on the interface and wherein the optical element is rotatable about an axis 
perpendicular to the normal so as to change an angle at which light from a given light source 
is incident on the interface. 

30 26. An SPR sensor according to any of claims 1-25 wherein the at least one conductive 
element comprises a plurality of conductive elements 

27. An SPR sensor comprising: 
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a thin conducting layer comprising a plurality of conducting elements formed on a 
surface of a transparent substrate; 

an illumination system controllable to illuminate an interface between the conducting 
layer and the substrate; 

a photosensitive surface that generates signals responsive to light from the light source 
that is reflected from a region of the interface; and 

a flow cell formed with at least one flow channel having a lumen defined by a wall a 
portion of which is formed by a region the conducting layer. 

28. An SPR sensor according to claim 26 or claim 27 wherein each conductive element is 
connected to a power source controllable to electrify the conducting element with respect to a 
reference electrode. 

29. An SPR sensor according to claim 28 wherein the plurality of conductive elements 
comprises a plurality of conducting strips. 

30. An SPR sensor according to claim 29 wherein each of the at least one flow channel 
crosses over each conducting strip. 

31. An SPR sensor according to claim 28 wherein the plurality of conductive elements 
comprises a plurality of conducting pixels. 

32. An SPR sensor according to claim 31 wherein each of the at least one flow channel 
passes over at least one conducing pixel and each pixel lies under a flow channel. 

33. An SPR sensor according to any of claims 28-32 and comprising an exclusive 
reference electrode for each conducting element relative to which the conducting element is 
electrified. 

34. An SPR sensor according to any of claims 28-32 wherein all the conducting element 
are electrified relative to a same reference electrode. 
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35. An SPR sensor according to claim 33 or claim 34 wherein the reference electrode is 
located on an external surface of the flow cell. 

36. An SPR sensor according to claim 33 or claim 34 wherein the reference electrode is 
5 located inside the material from which the flow cell is formed. 

37. An SPR sensor according to claim 33 or claim 34 wherein the reference electrode is 
located on the surface of the substrate. 

10 38. An SPR sensor according to claim 37 wherein the reference electrode is comb shaped 
having parallel conducting teeth connected to a common backbone. 

39. An SPR sensor according to claim 38 wherein the conductive elements are located 
between the conducting teeth. 

15 

40. An SPR sensor according to any of claims 1-39 wherein the at least one flow channel 
has a cross section area less than or equal to about a square millimeter. 

41. An SPR sensor according to any of claims 1-39 wherein the at least one flow channel 
20 has a cross section area less than or equal to about 0.5 square millimeters. 

42. An SPR sensor according to any of claims 1-39 wherein the at least one flow channel 
has a cross section area less than or equal to about 0.2 square millimeters. 

25 43. An SPR sensor according to any of claims 1-39 wherein the at least one flow channel 
has a cross section area less than or equal to about 0.1 square millimeters. 

44. An SPR sensor according to any of claims 1-43 wherein the at least one flow channel 
comprises a plurality of channels. 
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